Introduction
============

Laser trabeculoplasty was first introduced by Wise and Witter in 1979 in the form of argon laser trabeculoplasty (ALT).[@b1-opth-12-1599] The glaucoma laser trial showed that ALT has similar, if not superior, efficacy to topical beta blocker therapy.[@b2-opth-12-1599] In 1995, Latina et al introduced selective laser trabeculoplasty (SLT), which offered intraocular pressure (IOP) reduction similar to ALT with more targeted treatment and less tissue destruction.[@b3-opth-12-1599],[@b4-opth-12-1599] Since then, studies have demonstrated SLT to be as effective as monotherapy with drops.[@b5-opth-12-1599]

In 1990, Pankratov[@b6-opth-12-1599] introduced micropulse laser as an experimental modality for retinal photocoagulation. Since then, extensive studies have demonstrated stimulation of the retinal pigmented epithelium without permanent thermal damage.[@b7-opth-12-1599] Researchers recently applied this therapy to the pigmented trabecular meshwork to determine if IOP could be reduced without the thermal damage of argon laser.[@b8-opth-12-1599] A histologic study supported this theory by confirming the lack of trabecular meshwork destruction with micropulse laser.[@b9-opth-12-1599]

Clinical results of micropulse laser trabeculoplasty (MLT) were first reported by Ingvoldstad et al[@b10-opth-12-1599] at the Association for Research in Vision and Ophthalmology meeting in 2005. Since then, a few other studies investigated MLT at various laser wavelengths and degrees of treatment with variable results.[@b11-opth-12-1599]--[@b16-opth-12-1599] The purpose of this study was to evaluate the efficacy of 360° 577 nm MLT as compared to 360° SLT in a prospective, randomized manner.

Patients and methods
====================

A total of 69 patients with uncontrolled open-angle glaucoma were recruited at the George Washington University by two glaucoma attending professors. Research protocol approval was obtained from the institutional review board of George Washington University (Washington, DC, USA) under IRB \#041, 310 and registered on [ClinicalTrials.gov](http://ClinicalTrials.gov) with identifier NCT01956942. Written informed consent was received from all patients, and the protocol followed the Declaration of Helsinki.

This study included all laser trabeculoplasty candidates with open-angle glaucoma on maximally tolerated medical therapy with the need for additional IOP lowering. Patients with end-stage, neovascular, uveitic, or angle closure glaucoma were excluded. In all, 38 patients were randomized to MLT and 31 patients to SLT via a random number generator protocol approved for up to 100 patients. All patients had only one eye included in the study. Patients were allocated to each group without any stratification based on prior characteristics via sealed numbers in a set sequence. Recruitment was concluded after a power analysis revealed an 80% power at a 0.05 α level detecting an average 2.99 mmHg or 16.19% decrease from baseline between the SLT and MLT groups. This level was determined based on prior studies defining a ≥3 mmHg or ≥20.0% decrease in IOP as a significant difference from baseline.[@b11-opth-12-1599] Patients, physicians, and researchers were not blinded to the different laser treatments. Each of the two physicians performed both the laser treatments and all subsequent follow-ups for a particular patient.

The MLT group underwent 360° treatment with the IQ 577 nm™ yellow laser (Iridex Corporation, Mountain View, CA, USA) with laser applied to the pigmented trabecular meshwork in a confluent manner. The laser settings for MLT were 1,000 mW, 300 ms duration, 300 µm spot size, and a 15% duty cycle. The SLT group received 360° treatment with the 532 nm Q-switched, frequency-doubled Nd:YAG Selecta II™ (Lumenis Inc, San Jose, CA, USA). The energy for SLT was titrated, between \~0.6 and \~2.0 mJ, based on trabecular meshwork pigmentation to achieve a noticeable gas bubble response, utilizing a 400 µm spot size and a 3 ns duration.

All patients were treated with one drop of apraclonidine prior to the treatment. Patients were discharged with topical diclofenac 0.1% to use as needed for discomfort. At week 1, patients completed a standardized survey querying discomfort experienced both during and after the procedure and use of the topical diclofenac.

Patients' IOP was measured at predefined intervals of 1 hour and 1-, 6-, 6--12-, 12--24-, 24--36-, and 36--52-week intervals based on a fixed follow-up of 1 and 6 weeks and a tendency to follow these patients every 3--4 months thereafter. Pretreatment IOP values were calculated as the average of up to three preceding visits to reduce fluctuations. Only the preceding visits without the addition of a drop or a laser were included to avoid confounding influences. If patients were examined multiple times within an interval, IOP values were averaged for statistical analysis. Patients' responses were excluded from the analysis if they underwent any interventions that may affect their IOP, including the addition of a topical antihypertensive drop, cataract surgery, cyclophotocoagulation, incisional glaucoma surgery, or further laser trabeculoplasty. However, their data were still included for the intervals up to the time of these interventions. Comparison between groups was calculated with Student's *t*-test for continuous data and a two-tailed Fisher's exact test for categorical data.

Results
=======

There was no statistically significant difference in demographic characteristics between groups, as seen in [Table 1](#t1-opth-12-1599){ref-type="table"}. The MLT patients had a higher average starting IOP (18.26 mmHg) than the SLT group (16.85 mmHg), approaching significance (*P*=0.08). Both groups had very similar 1 hour posttreatment IOP, 15.15 mmHg in the MLT group and 15.65 mmHg in the SLT group. An IOP spike was defined as an elevation of \>5 mmHg from the pretreatment mean. Incidence of post-procedure spikes were 5.3% and 12.9% in the MLT and SLT groups, respectively, but this difference was not statistically significant (*P*=0.4). No group experienced any anterior chamber inflammation upon examination at the 1 week follow-up time point.

Follow-up data at the 1-, 1--6-, 6--12-, 12--24-, 24--36-, and 36--52-week intervals were tabulated as absolute IOP decreases from pretreatment levels ([Figure 1](#f1-opth-12-1599){ref-type="fig"}) and percentage IOP decreases from baseline ([Figure 2](#f2-opth-12-1599){ref-type="fig"}). These data demonstrated that both MLT and SLT provided comparable decreases in IOP from baseline as both an absolute measurement and a percentage decrease at all intervals up to 52 weeks (*P*\>0.05). In addition, the confidence intervals at each time period were \<3 mmHg when viewed as an absolute decrease in IOP and \<20.0% when viewed as a percentage decrease from baseline IOP, except one outlier interval (week 24--36 in [Figure 1](#f1-opth-12-1599){ref-type="fig"}). A Kaplan--Meier curve is demonstrated in [Figure 3](#f3-opth-12-1599){ref-type="fig"}. As expected, the larger proportion of failures in the MLT group produced a lower curve, with more of the MLT failures occurring in the early period. However, the survival curve steps in both groups were similar at later intervals, leading to a log-rank *P*-value of 0.31.

The data from the standardized pain survey (scale of 0= none to 10= severe) revealed that the MLT patients experienced a mean 1.34/10 during treatment and 0.89/10 during the 1 week posttreatment period, while the SLT patients noted 2.83/10 during treatment and 2.81/10 during the 1 week post-treatment period. The MLT patients on average experienced less pain both during and after the treatment (*P*=0.005).

Prior authors defined a successful laser trabeculoplasty as ≥3 mmHg IOP decrease or ≥20.0% IOP decrease from baseline.[@b6-opth-12-1599],[@b8-opth-12-1599] Using these criteria, 29.6% of the MLT and 36.0% of the SLT patients experienced a ≥20.0% IOP decrease from baseline during the 24--52-week interval (*P*=0.77). Similarly, 37.0% of the MLT patients and 36.0% of the SLT patients experienced a ≥3 mmHg IOP reduction from baseline at the 24--52-week interval (*P*=1.0).

Patients in each group were also assessed to determine the proportion that required further intervention for their glaucoma during the 52-week follow-up period, indicating a failure of the laser therapy. In the MLT group, a total of 23.7% of patients failed and required further treatment for their glaucoma. A topical antiglaucoma agent was added in 15.8% of the MLT patients, incisional glaucoma surgery was performed in 2.6% of the MLT patients, and transscleral cyclophotocoagulation was performed in 5.3% of the MLT patients. In the SLT group, 12.9% of the patients failed, with all the failures due to the addition of another topical anti-glaucoma medication. Although there were a greater number of failures in the MLT group (23.7%) compared to the SLT group (12.9%), the analysis did not meet significance in each individual category or when considered in sum (*P*=0.22). No patient in either group experienced any complications, other than a transient rise in IOP.

Discussion
==========

Since Ingvoldstad et al's findings in 2005, several other authors have explored the use of MLT in human patients.[@b10-opth-12-1599] In 2008, Fea et al[@b11-opth-12-1599] studied a cohort of 20 eyes with MLT applied to 180° of the trabecular meshwork with a 810 nm diode laser, noting a mean IOP reduction of 22.1% after 12 months in the 15 respondent eyes.

In 2012, Rantala and Välimäki[@b12-opth-12-1599] also studied 180° MLT treatment with the 810 nm diode laser, concluding that only 2.5% of patients experienced a ≥20.0% IOP decrease from baseline and 7.5% of patients had a ≥3 mmHg IOP decrease without further intervention. Conversely, Babalola[@b13-opth-12-1599] utilized the 810 nm diode laser applied to the inferior 180° for MLT in a Nigerian population with a sustained IOP lowering effect from weeks to months with an average IOP decrease of 17.2%.

The first prospective, randomized trial comparing MLT to another laser therapy (ALT) was conducted by Detry-Morel et al[@b14-opth-12-1599] in 2008 utilizing 180° treatment in each arm with the 810 nm MLT laser. Both groups experienced a significant decrease from baseline. However, at 3 months of follow-up, the ALT group had a significantly greater reduction in absolute value and percentage decrease from baseline IOP levels compared to the MLT group.

Chudoba et al[@b15-opth-12-1599] initiated a pilot study using a 577 nm MLT laser to the inferior trabecular meshwork in 2014. This cohort experienced a mean 1.7 mmHg decrease from baseline, while untreated fellow eyes had a decrease in IOP of 1.8 mmHg. Recently, Lee et al[@b16-opth-12-1599] reported in 2015 a 72.9% success rate for MLT with a 360° treatment utilizing the 577 nm laser in achieving ≥20.0% IOP reduction at 1 month post treatment.

The results from our study reveal that both therapies are effective and safe modalities with a similar efficacy as shown in [Figures 1](#f1-opth-12-1599){ref-type="fig"} and [2](#f2-opth-12-1599){ref-type="fig"}. The success rates for MLT were higher than some previously reported studies involved in achieving the goal of ≥3 mmHg IOP or ≥20.0% IOP reduction from baseline values, although one author utilized the 810 nm diode laser[@b12-opth-12-1599] and the other only targeted the inferior meshwork.[@b15-opth-12-1599] Our findings were also less efficacious than some reports, but had a smaller sample size[@b11-opth-12-1599] and included shorter intervals of follow-up.[@b16-opth-12-1599]

A recent meta-analysis of SLT revealed a 6.9%--35.9% reduction in IOP, with our results for both MLT and SLT falling within the middle of this range.[@b17-opth-12-1599] Another recent meta-analysis of SLT vs ALT demonstrated the number of patients achieving ≥3 mmHg or ≥20.0% decrease from baseline was 40%--85% of patients with a summative result of 60.1%.[@b18-opth-12-1599] However, the baseline mean pretreatment IOP in these studies ranged from 19.2 to 24.0 mmHg, while our baseline IOP measurements were lower at 18.26 mmHg in the MLT group and 16.85 mmHg in the SLT group.[@b19-opth-12-1599]--[@b22-opth-12-1599]

One novel aspect was the post-laser survey. The MLT group experienced significantly less pain both during and after laser trabeculoplasty (*P*=0.005). Although patients in the SLT group experienced a relatively low level of pain, the significantly decreased level of discomfort among the micropulse patients is an important distinction. Overall, more patients failed with the MLT therapy over 1 year, but this was not statistically significant and will be elucidated with future studies.

Although both of these laser therapies are efficacious, the equipment can be costly. Lee and Hutnik[@b23-opth-12-1599] discovered a moderate cost saving if SLT was used as a primary therapy instead of topical medications under the Ontario Health Insurance Plan. Seider et al[@b24-opth-12-1599] noted that under American insurance plans, primary SLT is less costly than most brand name medications and likely cheaper than most generic medications. When considering the cost-efficiency of SLT vs MLT, one must also evaluate their practice setting and multi-use capability of the MLT 577 nm yellow laser for retinal pigment epithelial stimulation, retinal photocoagulation, laser peripheral iridotomy/iridoplasty, laser trabeculoplasty, and laser suture lysis. Given the increased popularity of MLT in retinal and glaucoma practices, the cross-capability of this device has much appeal.[@b25-opth-12-1599],[@b26-opth-12-1599]

This study includes several limitations. Prior laser treatments may confound the results in both groups, in addition to the lack of a washout period. These prior laser and medical treatments may also explain the relatively low success rate of trabeculoplasty in both groups compared to other studies.[@b11-opth-12-1599],[@b16-opth-12-1599] The examiners and patients were not blinded to the laser treatments, although this was offset by the strict, set randomization sequence. In addition, there was a small sample size included, yet valuable data were obtained to help guide practitioners and future studies for MLT.

Conclusion
==========

MLT is a novel therapy in the treatment of open-angle glaucoma. Results from our head-to-head comparison between SLT and MLT provide evidence that MLT is similar to SLT in delivering substantial IOP reduction over a 52-week follow-up period, while providing less discomfort both during and after treatment.
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###### 

Demographic and prior ocular history in the MLT and SLT groups

  Characteristics                   MLT (n=38)                                      SLT (n=31)                         *P*-value
  --------------------------------- ----------------------------------------------- ---------------------------------- -----------
  Gender                            42.0% females, 58.0% males                      61.0% females, 39.0% males         0.15
  Mean age                          66.1 years                                      67.6 years                         0.61
  Lens status                       80.0% phakic, 2.0% phakic, 18.0% pseudophakic   74.0% phakic, 26.0% pseudophakic   0.78
  Prior SLT                         21.1%                                           6.0%                               0.17
  Prior ALT                         10.5%                                           22.6%                              0.20
  Prior glaucoma valve surgery      7.9%                                            3.2%                               0.62
  Prior filtering surgery           2.6%                                            None                               1.0
  Average laser spots per session   111.15                                          112.42                             0.68

**Notes:** There were similar demographics between the groups. The main differences were more males in the MLT group and more females in the SLT group (*P*=0.15), along with more prior SLT in the MLT group (*P*=0.17).

**Abbreviations:** MLT, micropulse laser trabeculoplasty; SLT, selective laser trabeculoplasty; ALT, argon laser trabeculoplasty.
